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Typical coupling fields ocn→ ice

sst sea surface temperature
sss sea surface salinity

Tf = −1.8◦C
Tf (sss)

frzmlt freezing/melting potential
frzmlt ∝ cpρw (Tf − sst)
frzmlt < 0⇒ ice melt
frzmlt > 0⇒ frazil ice formation

(∂H
∂x ,

∂H
∂y ) surface slope

(uw , vw ) surface current (for ocean-ice stress)



Typical coupling fields ice→ ocn

(τx , τy ) ice-ocean stress
(τx , τy ) = −~τw = −drag coef × quadratic f (~uw − ~ui)
(τx , τy ) = ~τa +∇ · σ

Ai ice area fraction
Fswthru penetrating shortwave
Fhocn surplus heat

Fhocn ≤ −frzmlt

heat used: Fbot = −ρwcwchu∗(Tw − Tf ), u∗ =
√
|~τw |
ρw

Ffresh fresh water
Fsalt salt

virtual fluxes: Assume constant sss, Si
considerations for ‘real’ fluxes:

scaled vertical coordinates (z∗, p∗)
sea ice can melt/freeze at depth



Other coupling fields

Biogeochemical fluxes are starting to appear in GCMs
aerosols are in CESM sea ice but not fluxed to ocean
sea ice BGC models are in development

Objec&ve	
  
Marine	
  ecodynamics	
  influence	
  high	
  
la3tude	
  climate	
  via	
  greenhouse	
  
gases	
  and	
  aerosol	
  precursors,	
  
emi8ed	
  from	
  both	
  ocean	
  and	
  ice.	
  We	
  
present	
  the	
  first	
  regional	
  scale	
  model	
  
of	
  sea	
  ice	
  sources	
  for	
  dimethyl	
  
sulfide	
  (DMS),	
  primary	
  natural	
  carrier	
  
of	
  sulfur	
  to	
  the	
  atmosphere.	
  	
  

Ice	
  Algal	
  Biogeochemistry	
  for	
  Full	
  Arc&c,	
  with	
  DMS	
  Release 

Impact	
  
Simula3ons	
  of	
  marine	
  aerosol	
  precursors	
  
will	
  enable	
  uncertainty	
  quan3fica3on	
  for	
  
cloud	
  op3cal	
  effects	
  across	
  Arc3c	
  system	
  

EllioB,	
  S.,	
  Deal,	
  C.,	
  Humphries,	
  G.,	
  Hunke,	
  E.,	
  Jeffery,	
  N.,	
  Jin,	
  M.,	
  Levasseur,	
  M.	
  and	
  Stefels,	
  J.	
  2012.	
  Pan-­‐Arc&c	
  simula&on	
  of	
  
coupled	
  nutrient-­‐sulfur	
  cycling	
  due	
  to	
  sea	
  ice	
  biology.	
  Journal	
  of	
  Geophysical	
  Research,	
  doi:10.1029/2011JG001649.	
  

Chlorophyll	
  &	
  DMS	
  produced	
  by	
  CICE	
  algae:	
  
Pigments	
  in	
  ice,	
  trace	
  gas	
  below	
  and	
  in	
  margins	
  

Approach	
  
•  Driven	
  by	
  ice	
  algae	
  &	
  nutrients	
  in	
  CICE	
  
•  N,	
  Si,	
  C,	
  pigments	
  alongside	
  S	
  cycle	
  
•  Large	
  DMS	
  fluxes	
  from	
  ice	
  into	
  
margins,	
  leads	
  and	
  peripheral	
  seas	
  

•  But	
  data	
  for	
  comparison	
  very	
  sparse	
  
•  Renewed	
  measurement	
  ac3vity	
  
recommended	
  for	
  all	
  Arc3c	
  waters	
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sulfur cycling due to sea ice biology. JGR,
doi:10.1029/2011JG001649.



Other issues

Coupling period
resolve diurnal cycle, inertial period, waves, etc
apparent instability
treatment of Coriolis term

Surface roughness

ice: melting
ocean: stirring
parameterize based on ridged ice fraction?

<your suggestions here>


